We investigate the question of Quantum Electrodynamic radiative corrections to atomic transition frequencies.
It has been pointed out ,repeatedly 1,335 that the conceptual indirectness of QED is one of its primary shortcomings.
A simple, intuitive, general explanation for the most elementary radiative corrections to magnetic moments, spontaneous level shifts and level widths has yet to be given. In this notation, in the dipole approximation and neglecting the A2 term, the Hamiltonian for the problem msy be written:
Here m. is the atom's transition frequency in the absence of interactions;
d is the magnitude of the linear electric dipole matrix element; and Ad (O,t) is the component of the vector potential operator along the direction of the dipole moment, evaluated at the center of the atom. It is useful to expand Ad(O,t) in terms of the usual photon creation and destruction operators:
(1)
Here gXd-(2?'1'5c*/w~V)~ Ebb, V is the volume of the quantization region, and X indexes both wave vector and polarization. As usual [a,(t), a:,(t)] = gXA,.
The Heisenberg equations of motion are:
The equation for akt) is basically simpler than the atomic equation because it contains no operator products, and it may be integrated formally:
where a Jt) = aA exp (-iw t) x is the free-field or 'vacuum part' of the solution.
Of course Eqs. (3), (4) and (6) is an unknown operator whose time variation,'compared with exp(fiwot), is very slow.
Then the second term in (6), which we denote by a:(t) and call the "source part"
of the quantized field, may safely be approximated by replacing S+(t') by S*(t) outside the integral. The integral can then be carried out and, for sufficiently long times t, h as(t) may be expressed in terms of R+(t) and Heitler's zeta function
[The designation "source part" for a:(t) serves as a reminder that the contribution of the second term in (6) to the vector potential -4- In order to obtain a complete solution to the coupled atom-field spontaneous emission problem, one would have to put (7)into (3) and (4) and integrate the atomic equations. This is not possible to do explicitly, 12 and is fortunately also unnecessary.
For our present purpose it is enough to derive the vacuum expectation value of the dipole operator itself.
After (6) has been approximately integrated as above and substituted into (4), one finds 13
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